Eighteen different biometric traits in 407 Kankrej cows from their breeding zone, i.e. Palanpur district of Gujarat, India, were recorded and analyzed by factor analysis to explain body conformation. The averages of body length, height at withers, height at shoulder, height at knee, heart girth, paunch girth, face length, face width, horn length, horn diameter, distance between horns, ear length, ear width, neck length, neck diameter, tail length with switch, tail length without switch and distance between hip bones were 123. 44±0.37, 124.49±0.28, 94.68±0.30, 38.2±0.14, 162.56±0.56, 178.95±0.70, 44.09±0.10, 15.91±0.05, 42.47±0.53, 26.07±0.19, 13.34±0.08, 31.24±0.12, 16.10±0.05, 50.63±0.18, 73.21±0.32, 111.62±0.53, 89.34±0.34 and 17.28±0.10 cm, respectively. The correlation coefficients between different traits ranged from -0.806 (horn diameter and distance between horns) to 0.815 (heart girth and paunch girth). Most of the correlations were positive and significant. Factor analysis with promax rotation with power 3 revealed three factors which explained about 66.02% of the total variation. Factor 1 described the cow body and explained 38.89% of total variation. The second factor described the front view/face of the cow and explained 19.68% of total variation. The third factor described the back of the cow and explained 7.44% of total variation. It was necessary to include some more variables for factor 3 to obtain a reliable estimate of the back view of the cow. The lower communities shown for distance between horns, horn diameter, ear width and neck diameter indicated that these traits did not contribute effectively to explaining body conformation and can be dropped from recording, whereas all other traits are important and needed to explain body conformation in Kankrej cows. The result suggests that principal component analysis (PCA) could be used in breeding programs with a drastic reduction in the number of biometric traits to be recorded to explain body conformation.
INTRODUCTION
Biometric traits are used to characterize the different breeds of livestock as they give an idea of body conformation. Biometric traits are also used for comparison of growth in different individuals. In addition to weight measurements they also describe an individual or population in a better way than the conventional methods of weighing and grading. Body dimensions have been used to indicate breed, origin and relationship or shape and size of an individual. EAAP and FAO have used height at withers as a prime indicator for their type (Simon and Buchenauer, 1993) . Recently, alternative body measurements and indices estimated from different combinations of different body traits produced a superior guide to weight and were also used as an indicator of type and function in domestic animals (Schwabe and Hall, 1989; Salako, 2006) . Body shapes measured objectively could improve selection for growth by enabling the breeder to recognize early-maturing and late-maturing animals of different size (Brown et al., 1973; 1974) . The exploitation of body dimensions could be achieved by grouping them more meaningfully. Significant differences in different body measurement/biometric traits due to age and sex were reported by many workers in different breeds and species. i.e. Gilbert et al. (1993) , Shahin et al. (1995) , Pundir et al. (2007a, b,c and , Singh et al. (2008) and Yakubu et al. (2009) in cattle; Biedermann and Schmucker (1989) , Jakubec et al. (1999) , Miserani et al. (2002) and Sadak et al. (2006) in horses; and Sarako et al. (2006) in sheep.
Analysis of variance and correlations are used to obtain relationships among different body measurements. The factor and principal component analysis (PCA) can explain relationships in a better way when the recorded traits are correlated. This analysis transforms an original group of variables into another group, principal components, which are linear combination of original variables. The purpose of factor analysis is to reduce a set of data that may describe and be used easily. For genetic improvement, principal components simultaneously consider a group of attributes which may be used for selection purpose. Fumio et al. (1982) , Hammock et al. (1986) , Karacaroen et al. (2008) and Yakuba et al. (2009) used factor analysis to study the different biometric traits in Japanese Black cattle, beef cattle, Swiss dairy cattle and White Flauni cattle, respectively. Salako (2006) and Sadek et al. (2006) used factor analysis to study the principal component factor analysis of the morpho-structural traits in Uda sheep and factor analysis of body measurements in Arabian horses, respectively.
Kankrej is one of the recognized breeds of Indian cattle and probably has the largest size among the different breeds of Indian origin. This breed is available in Gujarat and Rajasthan states of India and provides a livelihood to many people by providing milk and draft power. Cows of the breed have high genetic potential for milk production and can produce up to 4,200 kg of milk in a lactation of 300 days. Presently, the size of the cow, represented by different body measurements, is one of the important criteria in selection of elite animals. There is an urgent need to describe the body conformation by recording a minimum number of body measurements/biometric traits which reduce the cost, labor and time. The present study was undertaken to study the different body measurements, relationships among different body measurements and to develop unobservable factors (latent) to define which of these measures best represent body conformation in Kankrej cows.
MATERIALS AND METHODS

Data
Data consisted of 18 different body measurements on 407 Kankrej cows (from 4 to 8 years of age) from their native zone i.e. Palanpur district of Gujarat, India. All cows recorded were from 9 villages in Palanpur district. All measurements were recorded by the same recorder to avoid between-recorder effects. All traits were recorded from the left side of the cows. The circumference measurements were taken by a tape while the other measures were taken by a mapping stick. The recorded body measurements were body length (bl), height at withers (hw), height at shoulder (hs), height at knee (hk), heart girth (hg), paunch girth (pg), face length (fl), face width (fw), horn length (hl), horn diameter (hdia), ear length (el), ear width (ew), neck length (nl), neck diameter (nd), tail length with switch (tl), tail length without switch (tls) and distance between hip bones(dhb).
Statistical analysis
To study the effects of village on all recorded body measurements, data were analyzed using the following model
Where Y ij is the observation of one of the 18 studied biometric traits of the cows, µ is the overall mean, V j is the fixed effects of village and e ij is the random residual error associated with each observation ~ NID (0, σ 2 ). Data were adjusted for village effects and correlations between different measurements were estimated using partial correlations.
Factor and principal component analyses
Factor analysis is a general expression for a group of statistical techniques dealing with the reduction of a set of observable variables in terms of a small number of latent factors. It includes both factor and principal component analyses. They are functionally the same and used for the same purpose. However, they are quite different in terms of underlying assumptions. Factor analysis assumes that a variable's variance can be decomposed into two parts (Johnson and Wichern, 1982) . The first part is called common variance (Communality Factor) that is shared by other variables included in the model. The estimate of communality for each variable measures the proportion of variance of that variable explained by all the other factors jointly. The second part is called specific variance (Unique Factor) as it is specific to a particular variable and includes the error variance. Factor analysis deals only with the common variance of the observed variables. However, principal component analysis considers both the total variance and unique variance and does not make any differentiation between these two. The objective of factor analysis is the reduction of the original variables into a limited number of unobservable latent factors (variables) that are extracted to account for inter-correlation among the observed variables and to explain why these variables are correlated with each other. It assumes that the unique variance represents a significant portion of the total variance. On the other hand, the objective of principal component analysis is to account for the maximum portion of the variance present in the original set of variables with a minimum number of composite variables. It assumes that the unique variance represents a small portion of the total variance (Sadak et al., 2006) .
Rotation of factors
Rotation of principal factors was through the transformation of the factors to approximate a simple structure. Factor analysis using oblique (promax) rotation with power 3, was used with the following model:
Where y ij is the value of the i th observation on the j th measure (j = 1,2,….,,18), q is the number of common factor a ik is the value of the i th observation on the k th common factor (factor loadings), C kj is the regression coefficient of the k th common factor for predicting the j th measure and e ij is the value of the i th observation on the j th unique (specific) factor.
The Kaiser rule criterion (Johnson and Wichern, 1982 ) was used to determine the number of factors i.e. retaining only the factors that have eigen value greater than 1. Kaiser's measure of sampling adequacy (MSA) was used to determine whether the common factor model was appropriate. A MSA below 0.5 was not accepted. All the analysis were carried out using the SPSS (2001) statistical package for social sciences.
RESULTS AND DISCUSSIONS
Biometric traits
The descriptive statistics for all the biometric traits are presented in Table 1 . The effect of villages were significant on all traits. To avoid age and sex effects only cows from 4.0 to 8.0 years of age were considered in the present study. The year effects on different biometric traits were nonsignificant. The estimates for body length, height at withers and heart girth were in close agreement with the reports of Pundir et al. (2007a) in Kankrej cows, Pundir et al. (2007b) in Red Sindhi cows, Singh et al. (2008) in Hallikar cows and Anonymous (2004) in Amrit Mahal cows. The lower estimates of all these biometric traits as compared to Kankrej cow were reported by Pundir et al. (2008) in Red Kandhari cows and Pundir et al. (2007c) in Kenkatha cows. The estimates of paunch girth were similar to the cows of Amrit Mahal (Anonymous, 2004) , Hallikar cows and Red Sindhi cows (Pundir et al., 2007b) . The estimates of face length were similar to the Hallikar, Red Kandhari, Red Sindhi and Kenkatha cows as reported by Singh et al. (2008) , Pundir et al. (2008) and Pundir et al. (2007b; , respectively. Face width was similar to the cows of Hallikar and Red Sindi breed (Pundir et al., 2007b; (Pundir et al., 2007b; Pundir et al., 2008) . The average distance between horns and horn diameter ranged from 12.03 to 15.01 cm and 22.19 to 30.34 cm, respectively in different villages. The estimate of ear length was higher compared to that reported in Hallikar, Red Kandhari, Red Sindhi and Kenkatha (Pundir et al., 2007 b; Singh et al., 2008; Pundir et al., 2008) . The tail length without switch was more or less similar to Hallikar and Red Sindhi cows (Pundir et al., 2007b; Singh et al., 2008) and higher than Red Kandhari and Kenkatha cows (Pundir et al., 2007c; Pundir et al., 2008) . The distance between hip bones was lower compared to Hallikar cows . The coefficient of variation for different biometric traits ranged from 4.53 (height at withers) to 25.35 (horn length). It was observed that horn traits, i.e. horn length, horn diameter and distance between horns and distance between hip bones, had more variability which may be due to the fact that selection was not applied for these traits or that these parts respond more to the environment than others. The tail length with switch had more variability than without the switch, indicating that tail switch had more variability. Face length had little variability which may be due to the fact that it is a cephalic measurement and its close association with cranial bone.
Phenotypic correlations
The correlation coefficients between studied biometric traits are given in Table 2a and 2b. The correlation coefficients ranged from -0.806 (horn diameter and distance between horns) to 0.815 (heart girth and paunch girth). A total of 153 correlations (in all combinations) were estimated. Among these 126 were significant of which 120 were positive correlations. Out of the 153 correlations, 141 were positive and 12 were negative. Body length had higher correlations with height at withers (0.69), heart girth (6.64) paunch girth (0.68) and neck diameter (0.63), while body length had the lowest phenotypic correlation with horn diameter. The correlation between neck length and distance between horns was high (0.69). The horn diameter had negative correlations with height at shoulder (-0.64), distance between horns (-0.80), ear width (-0.11) and neck length (-0.41). Distance between horns had negative correlations with height at knee (-0.28), face width (-0.19), horn diameter (-0.80) and distance between hip bones (-0.36). The positive and significant (p<0.05/0.01) correlations among different biometric traits suggest high predictability among the different traits.
Factor analysis
The measure of sampling adequacy, Kaisee-MeyorOlicn (KMO), was 0.891. Yakuba et al. (2009) The estimated factors loading extracted by factor analysis, eigen values and variation explained by each factor are presented in Table 4 . The scree plot is given in Figure 1 . There were three factors extracted with eigen values greater than 1 and accounted for 66.02% of total variance. Yakuba et al. (2009) extracted two factors in the age group of 1.5 to 2.4 years which accounted for 85.37% of total variation, and four factors in the age group of 2.5 to 3.6 years explained 86.47% of the total variation by studying the 14 morpho-structural traits of White Flauni cattle. Salako (2006) extracted two factors from 10 different biometric traits in Uda sheep which accounted for 75% of total variation. Sadek et al. (2006) extracted three factors for Arabian mares and stallions separately by studying 14 different traits and these explained 66% and 67% of total variation. In the present study, the first factor accounted for 38.89% of the variation out of the total of 18 original measurements. It was represented by significant positive high loading of body length, heart girth, paunch girth, height at withers and height at knee. This factor seemed to be explaining the body of the cow, i.e. general size of the cow. Yakuba et al. (2009) Fumio et al. (1982) , Hammock et al. (1986) and Karacaroen et al. (2008) reported that the first factor explained maximum/highest variation. The second factor accounted for 19.68% of total variability. It had high loading for face length, face width, horn length, ear length, neck length and height at shoulder and seemed to be representing the front view or face of the cow. Yakuba et al. (2009) reported that the second factor explained 6.38% and 7.68% of total variation, while Salako (2006) reported that the second factor explained 11.03% of total variation in Uda sheep and Sadek et al. (2006) observed it as 15% and 17% of total variation in Arabian mares and stallions, respectively. The third factor accounted for 7.44% of total variation. It contained high loading for tail length, tail length without switch and distance between hip bones and may describe the back view of the cow. While a commonly used rule is that there would be at least three variables per factor (SAS, 1998) , in this case there was a need to include some more variables for a reliable analysis of a third factor as there were only three variables in the present study. Sadek et al. (2006) reported 12% of variation was explained by the third factor in Arabian horses. The component plot of the three factors in rotated space is shown in Figure 2 .
The communality ranged from 0.372 (ear width) to 0.613 (horn length) and unique factors ranged from 0.387 to 0.268 for all these 18 different biometric traits (Table 3 ). Higher estimates of communality (ranged from 0.79 to 0.93) were observed by Yakuba et al. (2009) and approximate estimates of communality (0.42 to 0.87 and 0.32 to 0.83) were reported by Sadek et al. (2006) . In the present study, common variance explains approximately 66.02% of the total variance present among all 18 measures. The inter-factor correlations between factor 1 and 2, 1 and 3, 2 and 3 were 0.481, 0.447 and 0.391, respectively, indicating high positive correlations among the extracted factors.
The lower communalities for some of the traits like ear width, distance between horns, horn diameter and neck diameter might indicate that these traits were less effective to account for total variation of body conformation as compared to the other traits in Kankrej cows.
The coefficients of the principal analysis of the three extracted factors are presented in Table 5 . The first factor gave different weights and positive sign to all the traits except distance between hip bones. This factor represents the general shape and size of the cow. The second factor assigned negative weights to height at knee and positive sign to all other traits. The third factor assigned negative weights to face width, horn diameter and horn length and positive weights to all other measurements. These factors explained 38.89%, 19.68% and 7.44% of the total sample variance, respectively.
CONCLUSIONS
The three extracted factors determine the source of shared variability to explain body conformation in Kankrej cows. These factors represent the body of the cow, front view/face of the cow and back view of the cow. The communalities estimates indicated that ear width, distance between horns, horn diameter and neck diameter did not contribute effectively to explain body conformation in Kankrej cows, while the remaining traits contributed effectively,and these traits could be considered to explain the body conformation of the Kankrej cows. The result suggests that principal component analysis (PCA) could be used in breeding programs with a drastic reduction in the number of biometric traits to be recorded to explain the body conformation. 
